Introduction Toll roads in Russia: current situation and the proposals on implementation of the Intelligent Transportation System elements
Nowadays all the toll roads in Russia are operated both manually and electronically.
Payments are collected at the charging points which are situated at the entrance to the toll road. In order to increase the traffic capacity there are usually more traffic lanes on the charging points than on the usual road sector. Payments could be made manually to the cashiers-operators or electronically using transponders-cards. Currently only 8% of payments are made electronically 8. Thus, the most common toll collection technology in Russia is the manual charging by the cashieroperator.
This toll collection method entails a number of negative effects:  High toll plaza construction costs, including additional land costs, construction costs, infrastructure engineering costs, etc.

High operational costs, including salaries for the cashiers-operators etc.
The vehicles have to stop at each toll plaza, leading to a traffic congestion and time losses.
Summarizing the characteristics of the current toll collection technology, we are able to conclude, that its main advantage is the provision of 100% toll collection rate. At the same time the main disadvantage of the current technology is the high costs for the state (high construction and operational costs) and time losses for society as well as for road users.
Nevertheless, there is an alternative toll collection technology, which includes the elements of Intelligent Transportation System. This technology provides free traffic flow and non-stop passage through the toll plaza because of the usage of automatic vehicle number recognition system through cameras and electronic toll collection systems such as transponders, electronic smart cards, payment via Internet, SMS etc. Since this type of technology provides more freedom in case of the toll payment rules violation, the administrative penalty for unpaid trips should be implemented to ensure the payment.
Apparently, both toll collection technologies have its advantages and disadvantages. This paper focuses on the analysis of positive and negative effects of Intelligent Transportation System elements implementation in toll collection activity. The purpose of this article is to evaluate costs and benefits of Intelligent Transportation System elements implementation and to provide a conclusion about its expediency. Section 1 describes the foreign experience and presents the research methodology. In Sections 2-4 the research results are presented: Section 2 is devoted to the economic effects, Section 8 Here and further the data is provided by the toll road operator in Russia "Avtodor" 3 -to the social effects and Section 4 -to the environmental effects. Almost all effects have been evaluated in money terms.
Background and research methodology.
The Intelligent Transportation System elements at the toll plazas are actively implemented worldwide. For example free flow technologies are used in Norway (Hensher, 1989) System based on a free flow principle is also used in road congestion managament in Singapore:
motorists are charged when they use toll roads during peak hours (Santos, 2005) . Also, in Melbourne all tolled motorways have electronic tolling as well ( To evaluate the economic impacts the construction and operational costs, time losses and toll collection rates have been analyzed. The impact on traffic safety and user satisfaction was examined to evaluate social effects. Finally, the emissions of carbon dioxide and other emission substances were calculated to assess the environmental impact.
Following methods were used to conduct the analysis of the effects:  Calculations based on toll plaza data provided by the toll road operator "Avtodor".
Using this data, the economic, environmental and social effects of the Intelligent Transportation System elements implementation at toll plaza have been calculated.  Sociological research, i.e. quantitative survey via Internet using programmed formalized questionnaire. Target groups consisted of the residents from Moscow, the Moscow region, Voronezh, Lipetsk and Rostov-on-Don, who have used highway M4 "Don" toll plazas within the last 12 months. The sample size was 1 305 respondents. Using this data the Intelligent Transportation System implementation impact on the toll roads has been calculated.
The effects were examined for one toll plaza at first and then extrapolated for all toll plazas.
The data for toll plaza 48-71 at the toll section of M-4 "Don" highway, which consists of 29 toll collection lanes, was used, since the data about this toll plaza is the most complete and correct due to this toll plaza is the largest one in Russia nowadays.
The economic effects evaluation

Capital and operating costs
Currently, nevertheless, the toll plazas are operated manually by cashiers-operators, or electronically using transponder-cards. The cost structure for the manually operated toll plaza is the following:
Toll plaza construction costs
The construction costs of the toll plaza is about 44.6 million rubles (0. The calculations above were based on the data related to a single toll plaza. To define a complete summary about the total quantity of toll plazas the data extrapolation was executed.
The total quantity of the toll plazas is presented in Table 1 . The extrapolation is carried out: a) for all already constructed toll plazas (retro-analysis) and b) for all toll plazas, scheduled for construction in 2015-2016 (forecast). The calculation of the capital and operational costs is presented in Table 2 . At the same time, the expenses structure on the Intelligent Transportation System elements implementation at toll-plaza consists of the data center equipment costs, costs on cameras and its set up, and the information campaign costs.
Tab. 1. The toll plazas quantity and the number of the traffic lanes
Tab. 2. The calculation of the capital and operating costs
1) The data center equipment costs are estimated to 362 million rubles (4.9 million Euro).
Therefore, the data center costs per one toll plaza (where total toll plaza number is 28) is 12.9 million rubles (0.17 million Euro).
2) Cameras setting costs is 75.2 million rubles (1 million Euro) per year.
3) The Intelligent Transportation System implementation at toll plazas in Russia should be introduced to the citizens through the information campaign to make people aware about the new payment procedures. This information campaign should also include the boards and signs installation. The annual costs of the campaign is estimated at 2-3 million rubles (0.03-0.04 million Euro) per one toll plaza (averaged over the first 2-3 years).
Thus, the financial expenses of the state for the necessary organizational measures related to the Intelligent Transportation System elements implementation at toll plazas include the data center costs (12.9 million rubles / 0.17 million Euro per toll plaza), cameras setting (75.2 million rubles / 1 million Euro per toll plaza annually), as well as an information campaign (3 million rubles / 0.04 million Euro per toll plaza annually). The capital and operating costs of the Intelligent Transportation System elements implementation at toll plazas are presented in Table 3 . 9 The required funding is 45% less than planned operating costs of the toll plazas, which had already been constructed using old technology, and 65% less than planned expenses for the toll plazas construction using old technology in the next two years.
Motorists time cost evaluation in terms of money
In this section we will consider the motorists time costs when passing through the toll roads. Currently (without the free flow technology), when driving through the toll plaza, motorists face the following situations:
-toll plaza carrying capacity (the number of cars that can be served by toll plaza cashiersoperators) is exceeded (the loading factor is greater than 1), the amount of the arriving cars is not decreasing but increasing, causing a traffic congestion;
-toll plaza carrying capacity is not exceeded (the loading factor is less than 1), but there is traffic congestion (the loading factor greater than 0.8) -free passage, there is no traffic congestion (the loading factor is less than 0.8)
The motorists bear certain costs in each of these situations. Let's consider all of these situations in turn.
1) Congestion waiting time (toll plaza loading factor is more than 1)
To conduct the calculations we estimate the loss of time on 30 th of April 2014, i.e. the first day of the year when toll plaza usage demand exceeded carrying capacity.
On that date the toll plaza usage demand was 81 010 vehicles while the carrying capacity is 72 000 vehicles. Thus the difference between demand and carrying capacity was 9 010 vehicles.
Let's calculate the "time deficit" (in hours) required for the passage of the "excessive" number of vehicles. The toll plaza carrying capacity is 72 000 cars in 24 hours. Thus for the passage of 9 010 vehicles the additional 3.03 hours (9 010 * 24/72 000) are required. That means that it took 27 hours for all vehicles to pass through the toll plaza. It turns out that the vehicle arrived on 30 th of April 2014 at the toll plaza was waiting in the congestion for additional 3 hours on average. In other words, the traffic congestion time loss reached 81 010 vehicles x 3 hours = 243 030 vehicle-hours.
Similarly, the calculation for other days of the year when the toll plaza usage demand exceeded the carrying capacity can be conducted. In 2014 total time loss while waiting for payment at the toll plaza constructed using old technology amounts to 7 990 thousand vehicle-hours.
It is important to draw attention to the fact that the traffic congestion has an additional negative effect -toll collection revenue loss, because of the potential users choose alternative free route.
2) The queue waiting time (the situation when loading factor is 0.8-1.0)
The limited toll plaza traffic capacity results in the queue, which can be calculated using Silbertal theorem and Poliaček-Khinchin formula (Blinkin, 2008) . Figure 1 shows the average waiting time in minutes (y-axis) as a function of the toll plaza loading factor (x-axis). The total amount of vehicles passed through the toll plaza without queuing and waiting in the congestion was 10 790 600. Therefore, the braking and acceleration total time loss is 10 790 600 * 34.7 sec / 3600 = 104 010 vehicle-hours.
Thus, in the current situation of old technology usage the motorists time loss amounts to 685 600 vehicle-hours of waiting in the queue, 7 990 000 vehicle-hours of waiting in the congestion and 104 010 vehicle-hours for braking / acceleration at the free road, that totally amounts to 8 779 610
vehicle-hours per year.
Since the load factor of vehicles is 1. This index is underestimated, since it includes only the driver's time loss in case of commercial freight transport passage, but do not take into account the multiplier effect that arises in connection with delivery time reduction.
The time loss evaluation in terms of money in the current situation using the old technology is presented in Table 4 .
Tab. 4. The time loss evaluation in terms of money in the current situation using the old technology
(million rubles / million Euro)
Motorists time loss
Retro-analysis 16 716.9 / 225.9
Forecast for 2 years (15-16 years) 37 348.8 / 504.7
Thus, in the current situation using the old technology, the motorists time loss in terms of money since 2011 is 16 716.9 million rubles (226 million Euro). In the next 2 year time loss would amount to 37 348.8 million rubles (504.7 million Euro).
The Intelligent Transportation System elements implementation at toll plaza involves free flow non-stop travel that prevents the time losses listed above. In this case the absence of time losses which amount to 37 348.8 million rubles (504.7 million Euro) in money terms in the next two years can be considered as a profit for the society.
When we eliminate the traffic jams at the toll plazas and vehicles can pass through with high speed, there could be system feedback effect that will encourage more vehicles onto the road as people find the new situation more attractive. But in this case the extra traffic that might be attracted on a toll road is limited by road capacity. When there is congestion on a toll road, users prefer free route to a toll one. In addition the operator of a toll road is interested in absence of congestion in order to avoid social displeasure. The most common measure to avoid congestion on the toll road is a fare size regulation. When the traffic density is too high and causes congestion, the operator simply increases fares, and vice versa when the traffic density is low, fares are reduced.
Thus, the fare regulation is an efficient approach to control user demand.
Additional fuel consumption costs evaluation
This section describes the additional fuel consumption costs using the old technology.
In Thus, the additional fuel consumption costs is close to 579.5 million rubles (7.8 million Euro) per year.
Retro-analysis and forecast for the 2 years of additional fuel consumption costs in the current situation are shown in Table 5 .
Tab. 5. Additional fuel consumption costs in the current situation of the old technology usage
Additional fuel consumption costs in the current situation of the old technology usage Retro-analysis 5 374.9 / 72.6
Forecast for 2 years (15-16 years). 12 008.8 / 162.3
The Intelligent Transportation System elements implementation at toll plaza, that involves non-stop passage, prevent additional fuel costs mentioned above. In this case the absence of additional fuel consumption costs can be considered to be a benefit for society.
Fare collection rate evaluation
The old technology provides 100% toll collection rate. At the same time, the Intelligent Transportation System elements implementation at toll plaza does not guarantee 100% toll collection rate. As it was indicated before, in case of Intelligent Transportation System elements implementation at toll plaza the administrative penalty for unpaid tolls is proposed to ensure the toll payment. Thus it is quite reasonable to suggest that in case of Intelligent Transportation System elements implementation some motorists would not pay the toll, that would result in a shortfall in income for the toll road operator.
Consider the number of toll payment rules violations. A similar case of the legal regulation is the administrative liability for unpaid chargeable public parking service, which is ratified in the Administrative Violations Code of Moscow. According to the survey about parking enforcement conducted by the Higher School of Economics in Moscow, approximately 3% of parked vehicles have serial numbers hidden . It is assumed that the number of toll roads payment rules offenders also would be not less than 3%. 
Social effects The evaluation of the impact on road safety
The data shows that in the current situation when the old technology is used a significant number of accidents occur near toll plazas. Moreover, the accidents number at toll plazas is higher than on usual highway sections, which is a result of current toll plazas design (there are more traffic lanes at toll plaza than before and after it) that provokes the growth of the traffic density.
When calculating the accident number, especially for a long period of time, it should be noted that the number of accidents depends not only on traffic, but also on the toll plaza operation period (first there is so-called rump-up period, after a while there is a habituation effect to the toll road). In this context the statistics for southern section of toll road "Western High-Speed Diameter"
in St. Petersburg is used to calculate the accident reduction index more accurate. The data for "Western High-Speed Diameter" is more detailed and available for a longer period of time.
For all the time of "Western High-Speed Diameter" operating 424 accidents were registered at the toll plaza and 220 -on the usual highway sections. Nowadays, accidents at the toll plazas occur mostly due to congestions. Consequently, the Intelligent Transportation System elements implementation at toll plaza would increase the speed at toll plazas that in fact could reduce the accident rate from 424 to 220 traffic accidents in a period of 3 years, i.e. 1.93 times.
There were 424 accidents registered at the toll plaza "Western High-Speed Diameter" in the last 3 years while the traffic volume is 74.1 million vehicles for the whole period, i.e. 5.72.
accidents occur per one million journeys.
As the traffic lane number at the toll plaza 48-71 is comparable with the "Western HighSpeed Diameter", it can be assumed that in the current situation of the old technology use the accident rate at the toll plaza 48-71 is 100.1 (there are 17. 
User satisfaction evaluation
According to the conducted sociological research, only 10% of respondents evaluated the existing toll plaza technology as a very user-friendly; another 47% called it quite user-friendly (see Figure 2 ). At the same time 42% of respondents were dissatisfied with the current toll collection technology. Dissatisfaction with the current toll collection technology is higher among Muscovites (43% in Moscow vs. 36% of in the regions). System elements implementation is 38% (the satisfaction level among this group will grow from 47% to 65%).
Environmental effects Emissions into the atmosphere estimation
In addition to the economic and social effects environmental effects of the Intelligent Transportation System elements implementation at toll plaza can be estimated. All these emissions can be eliminated in the case of Intelligent Transportation System elements implementation at toll plaza.
Land use change
Land use change ahead of new freeways was a key reason why many US freeways were clogged more or less at opening decades ago. (Newman, Kenworthy,1984) . A free-flowing and faster freeway/highway system encouraged land use change by way of new residential or commercial and industrial development finding location near the systems more attractive.
In Russia the situation differs from the US. It can be stated that suburbs of most major cities had already been densely built up with housing before building the road. In fact, not a new road is a key reason for new residential or commercial and industrial development, but the residential, commercial and industrial development itself encourages a new road construction.
What is more interesting, not the higher travel speeds but the construction of a new road itself could affect more on the land use change in Russia. From this point of view there is no reason to believe that the change to ITS handling of road charges will induce land use change.
In any way user growth on toll roads, as well as increasing the attractiveness of regions may be true after some period of time. An analysis of these effects could be the subject of our future research as it needs carrying out additional studies and thorough researches.
Conclusion
In this paper the economic, social and environmental effects of the Intelligent Transportation
System elements implementation at toll roads were analyzed. The retro-analysis (2011 -2014) and forecast for the next two years (2015 -2016) of the evaluated effects were performed.
As a result of the analysis following conclusions were presented:
 The old technology usage at toll plaza results in higher capital and operating costs compared with the Intelligent Transportation System elements implementation. The required funding of Intelligent Transportation System elements implementation at toll plaza is 45% less than planned operating costs of the toll plazas, which were already constructed using current technology, and 65% less than planned expenses for the toll plazas construction in the next two years using current technology.
 The current-technology usage results in higher time costs for toll plaza users compared to the situation of the Intelligent Transportation System elements implementation. Considering time costs in terms of money, it can be argued that the Intelligent Transportation System elements implementation at toll plaza will reduce the time costs by 37 348.8 million rubles (504.7 million Euro) in the next 2 years.
 The Intelligent Transportation System elements implementation at toll plaza has positive social effects. The Intelligent Transportation System elements implementation at toll plaza would result in the traffic accidents decrease by 1 976 accidents in the next 2 years.
 The Intelligent Transportation System elements implementation at toll plaza provides higher user satisfaction level than old technology usage.
 The Intelligent Transportation System elements implementation at toll plaza has a positive impact on the ecological situation. In case of Intelligent Transportation System elements implementation the emissions will decrease by 239 thousand tons.
 The old technology usage provides one hundred percent toll collection rate. At the same time the Intelligent Transportation System elements implementation at toll plaza entails toll payment deficiency. In case of the Intelligent Transportation
System elements implementation at toll plaza the toll payment offenders share would be 3% and the toll collection deficit in 2014 would amount to 75 million rubles (1 million Euro).
To summarize, while the old technology usage ensures one hundred percent toll collection rate, but entails higher costs, the Intelligent Transportation System elements implementation at toll plaza does not guarantee 100% collection rate, but provides costs reduction. Considering the balance of pros and cons for the state, society and toll plaza users, the Intelligent Transportation System elements implementation is found to be preferable, as in case of Intelligent Transportation System elements implementation the toll collection deficiency would be compensated by costs reduction.
